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Introduction 
Most of the patients with esophageal cancer are old; they are in a condition of 
malnutrition and often with complications such as cardiopulmonary diseases. 
As described in the previous publication28>, the review of the operated cases of esopha-
geal cancer in our clinic showed that pulmonary complications represented the most frequent 
postoperative complications, resulting in“operative death" in many cases. 
These postoperative pulmonary complications frequently occurred in patients operated 
for cancer involving the upper two-thirds of the thoracic esophagus. In the majority of 
cases the main lesions were located in the anterior wall of the esophagus near the 
bifurcation of the trachea and they definitely invaded the adventitia or the neighboring 
structures. 
These facts suggest that injury of branches of the vagal nerve and of the posterior 
pulmonary plexus and interruption of the pulmonary lymph flow play important roles in 
the occurrence ot the postoperative pulmonary complications. 
Thus, the author made the following experiments in an attempt to elucidate the 
pulmonary pathophysiology after vagotomy. 
Materials and Methods 
1) Preparation of animals 
Guinea pigs were selected for this study, because it is difficult to cause manifest 
pulmonary changes by vagotomy alone in dogs or rabbits7>15>39> while it is possible to do 
so in guinea pigs8>I8> or rats11i1s>32>. 
The guinea pigs used, mongrel and of both sexes, varied in weight from 300 to 550 
gm. Anesthesia such as with ether12l was not used in consideration of its possible effects 
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on the lung. The guinea pigs were fixed on the table in the supine position. Through a 
mid-line incision in the neck, both vagi were isolated and held by loose ligatures. They 
were killed by intracardiac injection of pentobarbital sodium immediately after thoracotomy. 
This method was used so that breathing exercises and cardiac functions would stop at the 
same time, because if breathing stops before cardiac arrest, pulmonary congestion or exuda-
tion of fluid may develop due to inflow of blood into the lung in a condition of hypoxia 
2) Gross findings of the lung and measurement of the water content of the lung 
The water contents of the lungs of the guinea pigs which were sacrificed 30, 60, 90, 
120, 150 and 180 minutes after bilateral cervical vagotomy, were measured according to 
EATON's6) method. Removed lungs were dropped into previously weighed glass-stoppered 
bottles. The bottles containing wet lungs were weighed, the stoppers were then removed, 
then bottles and stoppers were placed in a drying oven for seventy-two hours at 60°C, then 
two more hours at 100' C. At the end of the seventy-four hour drying process, the bottles 
were r巴weighedand the per cent of moisture in the lungs was computed. 
3) Arterial blood gas analysis after bilateral cervical vagotomy 
A cannula (Tube for use in epidural anesthesia) was introduced into the carotid 
artery before bilateral cervical vagotomy. Arterial blood was drawn into the capillary tube 
every 30 minutes after vagotomy. Pa02, PaC02, PH, HCQ3-, total C02 and base excess were 
measured with a blood gas analyzer (Corning, Model 160). 
4) Microscopic findings of the lung after bilateral cervical vagotomy 
Both lungs were removed every 30 minutes after bilateral cervical vagotomy. The lungs 
were immersed in 10 per cent formalin and then were stained with hematoxyline-eosin. 
5) Investigation of changes in vascular permeability of the lung after bilateral cervical 
vagotomy. 
i) A fluorohistological study using the FITC dextran method26) 
Ten w /v% FITC dextran (fluorescein isothiacyanate dextran, molecular weight appro-
ximately 39, 000), 1 ml per lOOmg of body weight, were inject巴dinto the external jugular 
vein after bilateral cervical vagotomy. Fifteen minutes later, the lungs were removed rapidly 
and immediately frozen in isopentan cooled by dry ice acetone and then freeze-dried for 5 
days. These specimens were embedded in paraffin and cut into sections each approximately 
10/L thick. 
An Olympus FLM fluorescence microscope with filters was used for the observations 
(excitation filter: B2, barrier filter: Y52). 
i) D巴terminationof dextran in the lung 
Low molecular dextran, 1 ml per 100 mg of body weight, was injected into the external 
jugular V巴inafter bilateral cervical vagotomy. Fifteen minutes later, the lungs wer巴removed.
The quantity of dextran in the lung was measured by the anthrone method33)38> using the 
Hitachi spectrophotometer (139 UV-VHS spectrophotometer）・
6) The experiment of stimulation on the vagal nerves 
i) The cervical vagal nerve on one side was severed and both (peripheral or central) 
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stumps were stimulated electrically. 
i) The cervical vagal nerve on one side was severed and that on the other was 
stimulated electrically using AN-EL instrument electrostimulator with a bipolar electrodes. 
The vagal nerves were stimulated for 60 seconds under a condition adjusted from 0. 1 m V 
to 5 mV in power, from 10 HZ to 30 HZ in frequency, and at 1 m sec intervals. 
The animals were killed at 90 minutes after stimulation, because the water contents of 
the lungs significantly increased from 90 minutes after bilateral cervical vagotomy. And 
the lungs were observed and the water content of the lung was measured. 
7) Experiment on the cervical sympathectomy 
i) Bilateral cervical sympathectomy alone or bilateral vagotomy 30 minutes after bilateral 
sympathectomy were done, and water content of the lung was measured. 
i) Unilateral or bilateral sympathectomy and bilateral vagotomy were done at the same 
time. The sympathectomy was performed at two positions, one cranial and the other caudal 
to the brachial plexus. The animals were killed 90 minutes after the section, and water 
contents of the lungs were measured. 
Result 
Immediately after cutting the bilateral cervical vagi the respirations became slow and 
deep. The forced inspiration gradually appeared. Foam poured out of the nose and the 
mouth after about 90 minutes. 
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Fig. 1 The water content of the lunglbegan'.:increasing from about 90 minutes 
after bilateral cervical vagotomy. 
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Table 1. Water Content of the Lung following Bilateral Cervical Vagotomy 
One-way Analysis of Variance Table 
SV SS DF v Fo p 
Main Effect 205.4166 6 34.2361 38.6924 <0.01 
Error 33.6234 38 0.8848 
Total ＿，.ム239.0400 44 
DF: Degree of freedom V: Variances S¥': Source of Variation SS: Sums of Squares 
Fo: Variance ratio P: Probability 
Mean Table 
A B c D E F G 
n 10 7 7 8 4 :> 4 
x 78. 78 79.01 79.50 80.26 82.40 82.80 85.80 
SE 0.297 0.356 0.356 0.333 0.470 0.447 0.470 
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Pぐ 0.01 →k→k 
p Matrix due to Student’s t 
A : Guinea pigs, with no vagotomy (controls〕
B : , Sacrificed 30 minutes after vagotomy 







tub巴 wasinserted in advance into the trachea by tracheotomy, the forced inspiration was 
very mild. But about 120 minutes later, foam poured out and the animals eventually died 
four or five hours after bilateral cervical vagotomy. 
1) The gross findings of the lung and measurement of the water content of the lung 
The water content of the lung began increasing about 90 minutes after bilateral 
cervical vagotomy and 180 minutes later it increased remarkably. The value of the water 
content of the lung which was removed rapidly after death was 85. 8土0.·17~0 (mean土
ISE), significantly higher than the value of the control group (78. 78土0.297°a) (Table 1, 
Fig. 1). The lungs of guinea pigs show a characteristic gross appearance: the left Jung is 
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Left side: The specimen of the lung with 
no vagotomy (Control〕．
Right side: The specimen of the lung 90 
minutes after bilateral cervical 
vagotomy. 
The lung became increasingly 
congested and hemorrhagic re-
markably. 
Fig. 2. 
Table 2. Arterial Blood Gas Analysis after Bilateral Cervical Vagotomy〔Pa02and PaC02) 
One-way Analysis of Variance Table 
p 
イ0.05
S¥' SS DF 
恥fainEffect 9096. 6402 6 
Error 2167. 4385 25 02 
31 Total 11264. 0787 
乱fainEffect 
Error 
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Time after Vagotomy 
Fig. 4. Pa02 immediately dropped after vagotomy and reached the 
minimum at about 30 minutes. 
PaC02, on the other hand, showed a tendency to rise after 
vagotomy, but the elevation was not statistically significant. 
Table 3 Blood Gas Analysis after Vagotomy (HC03-, TC02, B.E, PH〕
One-way Analysis of Variance Table 
sv SS DF v Fo p 
一 一一一
Mean Effect 8265.2787 6 1377.5463 2.6927 <0.05 
HC03 Error 1576.9070 25 63.0763 
Total 2177.0475 31 
Mean Effect 8046.2122 6 1341. 0345 2.5969 く0.05
TC02 Error 12909.9951 25 516.3998 
Total 20956.2073 31 
Mean Effect 6301. 7705 6 1050.2950 2.5879 く0.05
B.E. Error 10146. 1495 25 405.8460 
Total 16447.9200 31 
Mean Effect 0.2282 6 0.0380 1. 5261 NS 
PH Error 0.6215 25 0.0249 
Total 0.8497 31 
ーー ー 一一 一ー
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Fig. 5. HC03, total C02 and base excess were treated these values by moving 
average method. They showed a similar pattern. 
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separated into three lobes and the right lung is separated into four lobes of various size. 
After vagotomy, as time went on, the lungs became increasingly congested and from about 
90 minutes onward they became remarkably hemorrhagic. The lungs were deep red and 
edematous, resembling the liver (Fig. 2). Meanwhile, the foam in the trachea increased 
as time went on (Fig. 3). In our experiment throughout the year, the water contents of 
the lungs in summer were different from these in winter. Changes in the water contents 
of the lungs were not remarkable in winter. Some guinea pigs survived more than 12 hours 
m winter. 
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2）入rterialblood gas analysis after bilateral cervical vagotomy 
In the measurement at 30 minutes after vagotomy, the valee of the arterial 02 tension 
(Pa02) was -14. 28 :± 4. 01 mmHg, remarkably lower than the prevagotomy value of 86. 26土
4. 39 mmHg. Then it slightly rose but it gradually dropped again as time went on. Pa02, 
when m~asured at 10 minutes after vagotomy, had already become 50. 0 mmHg. Pa02 
immediatεly dropped aft巴rvagotomy and reached the minimum at about 30 minutes (Table 
2, Fig.-l). PaC02, on th~ other hand, showed・ a tendency to rise after vagotomy, but the 
elevation was not st:itisticaly significant. As for HC03 , total C02, base excess and PH, the 
author treated these valu巴s by the moving average method. As shown in Table 3, they 
had a similar pattern (Table 3, Fig. 5). 
A B 
D 
A No vagotomy (Control〕．
The alveolar septum did not thicken and alveolar spaces were well preserved. ( x 40) 
B 30 minutes after bilateral cervical vagotomy. 
Ah-eolar spaces were relatively preserved, but inflammatory cells slightly infiltrated 
into the alveolar septa. ( x 40) 
C 60 minutes after bilateral cervical vagotomy. 
Alveolar spaces became slightly dilated and a litle acidophilic fluid were present in 
the slightly dilated alveolar spaces. （×100) 
D . 90 minutes after bilateral cervical vagotomy 
The inflammatory cels, such as neutrophils, lymphocytes and monocytes remarkably 
infiltrated into the enlarged alveolar septa. Furthermore, dilated capillaries and the 
extravasation of the red cells were noted in the alveolar walls. Acidophilic fluid was 
present remarkably in alveolar spaces. ( x 200) 
Fig. 6. Photomicrographs show pathohistological findings of the Jung. (hematoxyline and eosin) 
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3) Microscopic findings of the lung (Fig. 6 : A, B, C, D) 
In the control group, the alveolar septum did not thicken and alveolar spaces were 
well preserved. From abot:t 60 minut巴safter vagotomy, alveolar spaces became slightly 
dilated and acidophilic fluid was observed in the alveoli. A litle acidophilic fluid was 
present in the slightly dilated alveolar spaces. The inflammatory cells, such as neutrophils, 
lymphocytes and monocytes were moderately infiltrated into the enlarged alveolar septa. 
Furthermore, dilated capillaries and a slight extravasation of the red cells were noted in 
the alveolar walls. There were some places which became atelectatic. 
4) A fluorohistological study using FITC dextran method 
FITC dextran was found localized within the alveolar vessels in the control group. From 
about 60 minutes after vagotomy, FITC dextran infiltrated from the alveolar vessels into the 
interstitial. Later it was also found in the alveolar spaces (Fig. 7). 
5) Determination of dextran using the anthrone method 
The concentration of dextran in the lung did not show any statistically significant 
differences between the vagotomized group and the control group until 60 minutes after 
vagotomy. But it significantly increased from 90 minutes after vagotomy and remarkably 
increased 150 minutes later (Table 4). These facts suggested that the dextran exuded from 
the vessels and was gradually transferred into the alveolar sepum or into alveolar spaces 
because of increased pulmonary permeability. 
6) The experiment of stimulation on the vagal nerve 
Any difference in the water content of the lung was not recognized between the 
unilaterally vagotomized group and the control group. The experiment on the group, 
vagotomy on one side and electical stimulation on the other, was performed by the experi-
mentεl design (three factors design), and the factors and the levels are indicated in Table 
A B 
A : No vagotomy (Control). 
The intense yellow fluorescing FITC dextran was confined to ihe alveolar vessels. 
（×100〕
B ・ 60minutes after bilateral cervical vagotomy 
The intense yellow fluoreョcingFITC dextran infiltrated from the alveolar vessels 
into the interstitial. （×100) 
Fig. 7. Photcmicrographs show fluorohistological findings of the lung using FITC dextran. 
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Table 4. Determination of Dextran in Lung with Anthrone following Bilateral 
Cervical Vagotomy 
Mean Table 
Minutes Mean SE 
。 24.48 7. 746 
30 21. 75 13.417 
60 29.10 9.487 
90 69.56 8.486 
120 75.03 9.487 
150 ll8. 95 9.487 
Du/DS×0. 1×dilution of plasma ×100×0.9 
=mg. of dextran per lOOml. 
Du: The optical density of the unknown 
DS: The optical density of the standard 
p Matrix due to Student’s t 
30 一
60 一
90 決＊ 一 女
12り ヲk女 女 * 一
150 ヲー安 * 女？長 女 ヲk
。30 60 90 120 
NS 
* p<O. 05 
料 p<0.01
due to Experimental Design. 
Table 5. Water Content of the Lung for Electrical Stimulation of Vagal Nerve 











































Analysis of Variance Table 
sv SS DF v 
A 1. 0512 1 1. 0512 
B 0.32 1 0.32 
c 30.6175 3 10.2058 
Error 29.5063 26 1. 1348 
Total 61. 495 31 
Fo P 
8. 9927 <o. lo 
5. The water content of the lung increased as the power became stronger, but it showed 
a converse tendency to decrease when power was more than 0. 5 m V. Any difference 
between both right and left sides for electrical stimulation was not recognized. Also in the 
group of vagotomy on one side and electrical stimulation on its both stumps, there was no 
significant difference as compared with the control group (Table 5, Fig. 8). 
7) The experiments on the sympathectomy 
There were no significant changes in the water content of the lung of the group of 
bilateral cervical sympathectomy. 

















The water content of the lung increased as the power became stronger, 
but it showed a converse tendency to decrease when power was more 
than 0. 5mV. 
5.0 1. 5 0.5 
( Power ) 
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Fig. 8. 
Comparison of Experiments on Sympathectomy and Other Experiments Table 6 
One-way Analysis of Variance Table 
p Fo v DF SS sv 








35 82.0875 Total 
































A : No Vagotomy (Controls) 
B : 90Minutes after Bilateral Vagotomy 
C: Bilateral Vagotomy and Sympathectomy at the same 
time 



















In the group in which bilateral sympathectomy was done at 30 
minutes before vagotomy, the water content of the lung had 
significantly increased as compared with any other groups. 
c B A 
Fig. 9. 
In the group in which bilateral sympathectomy was done at the same time as bilateral 
vagotomy, there was no differ巴neein the water content of the lung as compar巴dwith the 
vagotomized group. 
In the group in which bilateral sympathectomy was performed at 30 minutes before 
vagotomy, the water content of the lung had significantly increased as compar巴dwith any 
other groups (Table 6, Fig. 9). 
Discussion 
The causative factors of 
can be summarized as follows: 
1) Most of the patients with esophageal cancer are relatively old, consequently many of 
them are in a condition of hypoproteinemia and malnutrition, or have complications such 
as pulmonary emphysema, pulmonary fibrosis, chronic bronchopneumonia and hypofunction 
in the cardiopulmonary system. 
2) In:::rease in bronchial secretion is caused by intratracheal intubation, stimulation to 
the mucous membrane of the air passage by inhaled gas and trauma of th巴 trachea.
postoperative pulmonary complications of esophag巴alcancer 
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3) The operation takes a long time during which one lung or occasionally both lungs 
are in a condition of collapse. 
4) The higher the resected portion of the esophagus is, the more the vagal nerves are 
injured. Bilateral vagal trunks may be severed when the resected portion is below pulmonary 
hilus. 
5) The cleansing of the mediastinal and epibronchial lymph nodes during the operation 
for esophageal cancer inevitably causes interruption of pulmonary lymph flow. 
6) In the case of intrathoracic reconstuction, dilatation of the elevated gastric tube and 
pneumohemothorax affect the cardiopulmonary function. 
In the case of antethoracic reconstruction, postoperative aspiration pneumonia frequently 
occurs. 
7) The chest movement is markedly restricted by postoperative pains; as a result, 
expulsion of sputum becomes insufficient. 
8) Large quantities of fluid and blood transfusion during the operation and postopera-
tive period are etiologically concerned with severe pulmonary edema. 
Among these factors, nervous factor (injury of the vagal nerves), interruption of 
pulmonary lymph flow by the cleansing of the mediastinal and epibronchial lymph nodes, 
hypoproteinemia, and malnutrition seem to be clos巴lyrelated with pulmonary complications 
after operation for cancer of the upper two-thirds of the thoracic esophagus. 
As STAUBrn described, when lung tissue sustains trauma by oppression during the 
operation on the thorax, pulmonary fluid easily transudes into the interstitial space due to 
elevatej_ pulmonary capillary pressure. 
Even a slight increase in total pulmonary fluid volume causes abnormal X-ray finding 
and decreases arterial 02 tension (Pa02) beyond expectation. 
The innervation of the vagus nerves to the thoracic esophagus, especially around the 
bifurcation of the trachea, is as follows42> : Both vagus nerves are intimately associated 
anatomically and functionally with the esophagus. The general gross arrangement may be 
simplified for the moment by stating that the vagi emerge from their pulmonary plexus 
l:ehind the right and left lung roots, respectively, divide into several branches, and become 
arranged along the anterior and posterior surfaces and become as the complicated nets of 
the esophageal plexus. 
Behind the bifurcation of the trachea each of the vagus nerves is subdivided into two 
or three bundles held together by a fascial sheath and communicates with the corresponding 
nerve on the opposite side by anastomotic transverse branches which make up the pulmo-
nary plexus This plexus anastomoses in turn with the thoracic sympathetic chain, which 
participated in the innervation of the esophagus at this point by way of the aortic plexus 
which is in turn made up of filaments from the second to the seventh thoracic ganglia 
(Fig. 10). 
NADEL29> described that the pulmonary plexus consists of branches of vagal nerves and 
thoracic sympathetic trunks. 
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Fig. 10 Innervation of the esophagus by the vagus ner¥'es. 
And thes巴 terminals are subdivided into bronchial smooth muscles, blood vessels, 
bronchial glands and mucous epithelia. Bronchoconstrictor fibers separate from th巴 vagal
nerve, while bronchodilator fibers separate from th巴 sympatheticnerve. 
Subepithelial receptors (cough receptors), which are afferent terminal vagal nerves, 
are the starting point of the ascending way and many of them are present at the bifurca-
tion of the trachea. These are probably concern巴dwith reflexive constriction of the airway. 
These anatomical findings indicate that when r巴sectionof the main lesion located in 
the anterior wall of the esophagus near the bifurcation and the cleansing of lymphnodes 
are performed during the operation for cancer of the upper two-thirds of the thoracic 
esophagus, branch巴sof the vagal nerve and the posterior pulmonary plexus tend to be 
injured and postoperative pulmonary complications may occur28J 
Since FREY in 1887 reported on the relationship between vagal nerve and pulmonary 
complications, pulmonary edema especially has been the subject of a great deal of experi-
m巴ntalstudies. 
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FARBER7l創的 (1937) found heavy pulmonary edema in rabbits and guinea pigs after 
vagotomy with and without tracheostomy. He also reported that neuropathic pulmonary 
edema in the guinea pig was caused by disturbance or abolition of the pulmonary vasomotor 
nerves. And he suggested that neuropathic pulmonary edema in man was caused by 
disturbance, either central or peripheral, of the vasomotor control of the pulmonary vessels. 
Laryngeal paralysis (aspiration of food, slow asphyxia) was not an essential factor in the 
production of severe pulmonary edema and death following bilateral cervical vagotomy. 
LoRBER18l and REICHMAN32l concluded that the important factor in pulmonary edema follow-
ing bilateral vagotomy was inspiratory obstruction. In an experiment by KIMURA and the 
author, tracheotomy was performed to prevent the effect of laryngeal obstruction before 
bilateral cervical vagotomy in the guinea pig, but animals died of pulmonary edema within 
5 or 6 hours. Thus the author can not agree with LORBER’s opinion. 
SCHMITT37l described on the basis of his experimental studies that cervical vagal section 
was rapidly fatal to the guinea pig and the process was one of pulmonary hyperemia 
followed usually but not necessarily by transudation. He also reported that factors incidental 
to laryngeal paralysis or to tracheostomy were not implicated in the production of pulmonary 
edema. 
HARRISON and LIEBow10i reported that pulmonary edema developed in dogs after vagotomy 
only when saline solution of 100 ml or more per kilogram per minute was administered. 
WAKIZAKA46l47l also reported that when pulmonary lobectomy or transfusion was additio・
nally performed in vagotomized dogs, severe pulmonary edema frequently occurred. These 
experiments suggest that injury of the vagal nerve during the operation for cancer of the 
thoracic esophagus may cause pulmonary edema by postoperative overtransfusion. 
ToMITA44l et al. indicated a few years ago that, during the operation for cancer of the 
thoracic esophagus, the vagal nerve branches to the pulmonary artery and bronchus were 
resected because of extensive resection of the mediastinal lymph nodes, which resulted in 
the unbalance of the pulmonary circuits and change in the alveolar capillary permeability. 
lNOKUCHI13l resected extensively the thoracic vagal nerves and branches to the lungs 
using animals and observed microatelectasis in the lungs 2 or 3 days after the operation. 
He indicated that this was cause by decrease in bronchial ciliary movement and cough 
reflex because of denervation, defective expulsion of bronchial secretion, and decrease in 
ventilatory volume. In the author’s experiments using guinea pigs, a gradual increase in 
the water content of the lung by EATON6l’s method was shown to have developed 90 minutes 
after vagotomy. (In KIMURA16l’s experiments, its increase appeared from 45 minutes onward). 
The water content of the lung in the control group was about 78% as compared with 
74-75°合 inKIMURAI6l’s experiment. 
In the experiments throughout the year, the water content of the lung after cervical 
vagotomy increased in summer more easily than in winter. Some animals survived more 
than twelve hours in winter. 
MATsuo25l made the following assumption as to the experiments of cervical sympathe-
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ctomy: sympathicotonic stat巴 beingdifferent betw巴enin summer and in winter, the effect 
of sympathectomy remarkably appears in winter because of sympathicotonic state but not 
in summer because of the absence of sympathicotonic state. 
The author thinks the r巴versestate of this may app巴arin vagotomy. 
In the author’s experiments, no difference in the water content of the lung was observed 
between the control group and the group of unilateral cervical vagotomy. 
But in the group in which the vagal nerve was severed on one side and stimulated 
electrically on the other, the water content of the lung increased as the power became 
strong, reaching the peak at 0. 5 mV and then decreasing. 
N!SHII45l maintained that weak electric stimulation of the vagal nerve caused pulmonary 
vasodilatation, while strong electric stimulation of it caused pulmonary vasoconstriction. 
Tsuz1•5l described that sympathetic stimulation constricted pulmonary vessels, while 
vagal nerve stimulation induced pulmonary vasodilatation and that such control of the 
pulmonary vessels by the vagal nerve, much weaker than that by the sympathetic nerve, 
was not effective enough. 
Since GATES in 1917 and GLASS in 1928 described that pulmonary edema was caused 
by massive intravenous injection of adrenalin, there has been a great deal of experimental 
investigations on the problem with regard to the sympathetic nerve and pulmonary edema. 
LUISADAJ9)20)2!l2) reported that vagotomy tend to aggravate pulmonary edema caused by 
adrenalin, but unilateral sympathectomy and unilateral or bilateral stellate ganglionectomy 
conferred protective effects. 
In the author’s experiment, no statistically significant differ巴nceswere recognized 
between the control group and the group of bilateral cervical sympathectomy or the group 
of bilateral cervical vagotomy in addition to bilateral cervical sympathectomy. 
K!MURA16' reported that pulmonary edema was induced by bilateral cervical sympathe-
ctomy alone. 
SARNOFF34'35' described that the so-called neurogenic pulmonary edema (NPE) was 
caused by inducing marked change on the cardiopulmonary hemodynamics through the 
sympathetic system. Th巴refore,he criticized the term ''neurogenic pulmonary edema" and 
believed that a more ad巴quateterm is“neurohemodynamic pulmonary edema”． 
Since MouTIR in 1918, it has been W巴Iknown that pulmonary edema and respiratory 
failure are caused by brain trauma and elevated intracranial pressure accompanied by 
brain injury, thus designated as "neurogenic pulmonary edema”． 
MALIKw described that the role of the sympathetic nervous system in pulmonary 
edema caused by increased intracranial pressure was th巴 stimulationto the α－fibers of the 
sympathetic nerve followed by cerebral ischemia and the cerebral vasoconstriction accom-
panied by that stimulation. 
In any cas巴， theinvolvement of the sympathetic nervous system in the vasomotor 
system seems to be th巴 majorfactor in pulmonary edema. 
KrMURA16' described that the pulmonary edema was caused by bilateral cervical vagotomy 
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30 minutes after bilateral cervical sympathectomy or bilateral cervical vagotomy alone. 
This fact proves that the vagal nerves are concerned with pulmonary vasomotor system. 
The following mechanism based on the changes in pulmonary hemodynamics was suspected 
from our experiments. 
In the group of bilateral cervical vagotomy or the group in which the vagus nerve was 
resected on one side and the nerve was stimulated electrically on the other (a strong 
stimulation beyond a certain extent constricts vessels), the same effects as that produced 
by stimulation of the sympathetic nerve took place. 
As a result, the pulmonary vein and the pulmonary capillaries, especially the former, 
were constricted to elevate pulmonary capillaries pressure, then to cause pulmonary edema. 
Bilateral cervical vagotomy 30 minutes after bilateral cervical sympathectomy produced 
the same effect as that produced by stimulation of vagal nerve, dilating the pulmonary 
vein and the pulmonary capillaries, especially the latter, to cause pulmonary edema. 
There have been reported from EATON6l, ]ORDAN14>, WAKIZAKA46>47> et al. as to pulmonary 
edema classified into postoperative complications. 
Among the factors which are thought to be the cause of pulmonary edema there are 
change in permeability of the pulmonary capillaries, left ventricular failure and neurogenic 
factors rn 2l. 
Moreover, regarding these etiological factors resulting in the unbalance between serum 
production and its absorption in alveoli, the following factors are involved as the factor to 
produce the serum, rise in the pulmonary capillary pressure, decrease in the alveolar 
pressure and anoxia, and as the serum absorptive factor, the lymphatic system in lung 
tissue. 
]ORDAN14l summarized the methods of producing pulmonary edema in experimental 
animals (Table 7). 
Table 7. Methods of production of pulmonary edema in 
experimental animals. (Jordan〕
1. Heart-lung preparations 
2. Experiment causing an alteration in cardiac function 
A. Increased resistance to blood flow 
1. Occlusion of the aorta 
2. Obstruction of the pulmonary veins 
B. Ventricular damage 
C. Administration of epinephrine 
3. Experiments causing alterations in pulmonary physiology 
A. Pulmonary irritants 
B. Respiratory resistance 
1. Inspiratory resistance 
2. Expiratory resistance 
C. Trauma to thorax 
4. Neurogenic 
A. Increased intracranial pressure 
B. Stimulation of cardiovascular receptors 
C. Vagotomy 
152 日外宝第48巻第2号（昭和54年3月）
ALTSCHULE described that the pulmonary vasomoter system was closely concerned with 
pulmonary edema and that the neurogenic factors considerably affected change in this 
system. 
As previously described, even when tracheotomy was done before bilateral cervical 
vagotomy, the pulmonary edema occurred. 
K1MURA16> reported that he made a stenosis at the trachea of the guinea pig artificially, 
but pulmonary edema did not occur. 
He also investigated about airway obstruction or forced inspiratory effort, increase in 
perm巴abilityof the pulmonary capillaries and change in hemodynamics characterized by a 
specific pulmonary vasomotor system as the etiological factor of pulmonary edema following 
vagotomy. He stated that the forced inspiratory effort was a symptom of vagus nerve 
stimulation and as the cause of this phenomenon, he cited disappearance of Hering-Breuer 
reflex by vagotomy and change in lumen by constriction of smooth muscle because of the 
absence of cartilage in bronchiole. 
SHULER40l reported that, since the right ventricular output increases and the left ven-
tricular output decreases during inspiration, a great deal of blood is pooled in the pulmonary 
vascular bed during the forced inspiratory effort. 
REICHSMAN32> explained that a markedly negative intra-alveolar pressure should be 
present during the forced inspiratory effort and this abnormal negative pressure would tend 
to overcome the osmotic pressure in the pulmonary capillaries and draw transudate into 
alveoli. 
Recently SCHEAR36> reported some clinical cases of pulmonary edema caused by the 
negative intra-alveolar pressure. 
The most interesting one among these cases was the patient with bleeding from the 
esophagus, in whom a Sengstaken-Blakemore tube was inserted but the flexed tube 
obstructed the larynx and moderate inspiratory obstruction caused pulmonary edema. He 
reason巴d that the continuity of a markedly negative intra-alveolar pressure makes the 
transudate flow into the alveoli, and emphasized the danger which airway obstruction 
entails. The author measured the arterial 02 tension (Pa02) after bilateral cervical vagotomy. 
Thirty minutes later it had already decreased remarkably. There have been many experi-
mental reports5>4S>49> regarding the effect of hypoxia on the extravasation of fluid and 
plasma protein in th巴 pulmonarysystem. Some investigators claimed that increase in 
transudation of pulmonary lymph flow causes pulmonary edema while others reported to 
the contrary, maintaining that hypoxia neither affects the permeability of pulmonary capilla-
ries nor causes pulmonary edema. 
DRINKER5> described that, in addition to increase in the pulmonary capillary permeability 
produc巴dby neurogenic factor, one more factor, severe anoxia, was required in producing 
pulmonary edema. 
BLA¥'D'1 et al. investigated the effects of hypoxia on lung lymph flow and protein 
transport in unanesthetized sheep breathing 10% 02, and reported that hypoxia for 4 to 48 
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hours, alone or with increased pulmonary microvascular pressure, produced no change in 
lung fluid filtration or protein permeability. They argued that large increment in pulmonary 
lymph flow in response to sustained elevation in the pulmonary capillary pressure suggests 
that lymph flow plays a major role in the defense of the lung against edema. 
MAGi'¥o23l studied the effect of lymphatic ligation (the thoracic duct as well as the 
right lymph duct) on the change in lung water at elevated pulmonary pressures. Chronic 
lymphatic ligation increased the rate of water accumulation in the lung while acute lymp・
hatic ligation caused accumulation of pleural fluid. It is interesting to note that, while 
lymphatic ligation, either chronic or acut巴， increasedfluid, the chronic one reduced tissue 
safety factors. 
In the author’s experiment the gross findings of the removed lung after bilateral 
cervical vagotomy showed an edematous appearance, hemorrhage over the surface of the 
lung, and a litle foam poured out of the trachea, while microscopic findings stained with 
hematoxyline and eosin showed dilated and hemorrhaged capillaries, inflammatory cells, 
thickened alveolar walls, interstitial and intra-alveolar fluid. 
These findings seem to resemble those of the lung of ARDsnzJ3oJ (adult respiratory 
distress syn:lroai三） whi~h r~ ：＂ ntly h日 attractedmuch attention, and of shock lung. From 
his hundred clinical cases of ARDS, BLAISDELL3l described that the lung resembles the 
liver in appearance because of the decr巴asein air content. 
At first the lung was hemorrhagic and then became white grey in color and edematous 
in feature, and in microscopic changes variable numbers of fibrin and platelet microemboli 
filed pulmonary arterioles and later there was intra-alveolar congestion, hemorrhage or 
edema of alveoli. Four or five days later, these changed into hyaline membranes. But these 
were al nonspecific findings, thus it seemed difficult to diagnose from the pathophysiolo-
gical findings. 
WILSON50l investigated in detail electromicroscopically shock lung at the cell level. And 
he described a group of pathologic findings that consist of the following: 1) massive 
vascular congestion, 2) pulmonary edema (both interstitial and intra-alveolar), 3) pulmonary 
hemorrhage (both interstitial and intra-alveolar), 4) hyaline membrane formations, 5) pul-
monary fibrosis (if the patient survives for weeks or months after the initial injury). 
Moreover he discussed the pulmonary cellular response to shock. 
KARLINER15l described, regarding pulmonary edema of shock lung, that blood corpuscle 
components and plasma protein infiltrated into the interstitial space by increased pulmonary 
capillary permeability, and then were transported in alveoli, to develop eventually pulmonary 
edema. 
Generally, in pulmonary edema due to shock lung, the capillary permeability increases 
with leakage of fluid into the interstitial and intra-alveolar spaces. And this type of edema 
usually remains within the pulmonary parenchyma and does not infiltrate into the tracheo-
bronchial tree. 
PEMBERTON3n described two clinical cases with the pulmonary edema fluid (PEF) 
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Table 8 Development of neurogenic pulmonary edema. (Theodore) 
Pulmonary Vasoconstriction 
Brain Injury or Hypoxia 
Hypothalamic・SympatheticD】scharge
Systemic Vasoconstriction 
Blood Volume Shift 




Increased Pulmonary Capillary 
Pr巴ssureand Permeability 
Hi9h Protein Fluid 
evacじatedfrom the endotracheal tube. 
:'vfossrn suggested that the central nervous syst巴m was concerned with the pulmonary 
circulatory system of shock lung. H巴 perfusedthe central nervous system through one 
cannula in the dog’s carotid artery. He was able to produce pulmonary edema or shock 
lung in the animals studied by simply producing cerebral hypoxia using anoxic blood with 
a Pa02 of 35 mmHg and normal blood flow and pressure. These experiments supported 
the hypothesis that brain injury in the form of cerebral hypoxia produced a massive 
symi:athetic discharge that caused pulmonary edema or shock lung. He explained that 
massive increase in pulmonary circulatory volume by systemic vasoconstriction resulted in 
pulmonary edema. THEODORE43> provided an explanation of the mechanism of neurogenic 
pulmonary edema (Tabl巴 8).
The pathogen巴sisof neurogenic pulmonary edema is such that injury to the brain 
from either head trauma or shock with cerebral hypoxia stimlulates hypothalamic sympathetic 
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discharge. This massive neural discharge is mainly an adrenergic impulse that produces 
systemic arterial vasoconstriction with a shift of blood volume from systemic to pulmonary 
circuits and increased pulmonary venous pressure. 
This rapid change in pulmonary venous pressure and blood volume produces a great 
increase in pulmonary capillary pressure and permeability; it results in pulmonary edema 
with exudation of high protein fluid into the lung parenchyma. 
Conclusion 
Postoperative pulmonary complications frequently occurred in patients operated for 
cancer of the upper two-thirds of the thoracic esophagus. In the majority of cases the main 
lesions were located in the anterior wall of the esophagus near the bifurcation of the 
trachea and they definitely invaded the adventitia or the neighboring structures. 
These facts seem to suggest that injury of branches of the vagal nerve and of the 
posterior pulmonary plexus and interruption of the pulmonary lymph flow play important 
roles in the occurrence of the postoperative pulmonary complications. The author obtained 
the following experimental results of pulmonary changes in guinea pigs after bilateral 
cervical vagotomy. 
1) After vagotomy the respiration became slow and deep, and the forced inspiration 
was gradually increased. From 90 minutes onward, foam poured out of the nos巴 and the 
mouth and the guinea pigs died three or four hours after vagotomy. When the tube was 
previously inserted into the trachea by tracheotomy, the forced inspiration was very mild. 
But about 120 minutes later, the foam poured and the animals died at last four or five 
hours after vagotomy. 
2) A gradual increase in the water content of the lung by EATON’s method was observed 
to begin developing 90 minutes after vagotomy. The value 180 minutes after vagotomy was 
85. 8±0. 47%, remarkably increased as compared with that of the control group (78. 78± 
0. 29%). Change in the water content of the lung was proved to be much less in winter 
than in summer. Some guinea pigs survived more than 12 hours in winter. 
3) As for gross findings, the lungs became congested severely as time went on and 
they became remarkably hemorrhagic from about 90 minutes after vagotomy. And the lungs 
were deep red and edematous, apparently resembling the liver. The foam in the trachea 
also increased as time went on. In microscopic findings of the lungs stained with hematoxy-
line and eosin, alveolar spaces were slightly dilated and acidophilic fluid was seen in the 
alveoli from about 60 minutes after vagotomy. The inflammatory cells were moderately 
infiltrated into the enlarged alveolar septa, and there were some places which became 
atelectatic. Furthermore, dilated capillaries and a slight extravasation of the red cells were 
noted in the alveolar walls. 
4) Arterial 02 tension at 30 minutes after vagotomy was 44. 28士4.01 mmHg showing 
a r巴markabledrop from the pre-vagotomy value of 86. 28士4.39 mmHg. PaC02, on the other 
hand, showed a tendency to rise after vagotomy but it was not statistically significant. 
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5) In fluorohistological findings using FITC d巴xtran, FITC d巴xtran was observed 
within the alveolar vessels in the control group. From 60 minutes after vagotomy, it infil-
trated from the alveolar vessels into the interstitial. The dextran concentration increased 
significantly from 90 minutes after vagotomy. 
6) The water content of the lung was not changed in the group of unilateral vagotomy 
alone. In the group of vagotomy on one side and el巴ctricalstimulation on the other, the 
water content of the lung increased as the power became stronger, but it had a converse 
tendency to d巴cr巴asewhen the power was more than 0. 5 m V. Also in the group of 
vagotomy on one side and electrical stimulation at both stumps, ther巴 wasno significant 
differenc巴 ascompared with the control group. 
7) There were no significant changes in the water content of the lung of the group 
with bilat巴ralcervical sympathectomy. 
In the gr::iup in which bilateral sympathectomy was done at the same time as bilateral 
vagotomy, th巴rewas no difference in the water content of the lung as compared with the 
vagotomized group. 
In the group in which bilateral sympath巴ctomywas done 30 minutes before vagotomy, 
the water content of th巴 lungsignificantly increas巴das compared with that of any other 
group. 
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5〕 FITCDX (Fluorescein isothiacyanate dex-
tran）を注入後の重量光組織学的検索によると，無処置
群では肺胞壁内lζ限局していたが，迷切後60分頃より
次第に肺胞壁や肺胞腔内lζ漏出した．また肺胞壁や肺
胞腔内へ漏出した dextran量は迷切後90分より，無処
置群lζ比して有意に増加していた．
6) ー側迷切のみでは肺水分量lζ有意の差を認めな
かったが，一側を迷切し他側を種々の条件で電気刺激
を加えて90分後の肺水分量をみると，出力の増加と共
に水分量も増加し， 0.5mV以上では逆に次第に減少す
る傾向を示した．
7) 両側交感神経切離では肺水分量IC変化を認めな
かった．また両側迷切と同時に交感神経を切離した群
では，両側迷切群との聞に差を認めなかったが，両側
述切30分前lζ交切を加えると，他のいずれよりも肺水
分量は有意に増加していた
